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SUMMARY Consecutive serum samples were obtained from patients with syphilis before and on

three occasions after treatment. The sera contained immunosuppresive factors associated with the
immunoglobulin fraction, which could depress the natural killer cell activity of healthy controls.
There was no evidence that allogeneic or lymphocytotoxic antibodies played a role in immuno-
suppression, which could be reproduced with both soluble and insoluble antigen-IgG-antibody
complexes.

Introduction

Syphilis is a bacterial infection, which is easily cured
with penicillin. It is remarkable that syphilis
profoundly changes the cell-mediated immune
reactions of the host. The clinical importance of
these changes may be important, because many
patients may be cured spontaneously.'

Previous investigations have shown temporary
reduction of several cell-mediated immune reactions
in syphilis (personal communication).2-5 We have
recently reported a depression in natural killer (NK)
cell activity in the secondary stage of the disease.7
This paper extends our NK cell studies and shows
that syphilitic sera contain factors which can
inactivate the NK cells. In vitro the depression of NK
activity can be reproduced by both soluble and
insoluble IgG immune complexes.

Patients and methods

Twelve women and 12 men participated (mean age 29
years, range 16-52 years) in the study; 11 had
primary, nine secondary, and four latent syphilis.
Serum samples were obtained before treatment and
one, 2-4, and 4-6 weeks after treatment. Sera were
stored at - 20°C for up to one year and heat-
inactivated at 560C for 60 minutes before use in the
assay.

Twenty-four healthy subjects (10 women and 14
men) served as controls (mean age 31 years, range
18-58 years).
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ISOLATION OF LYMPHOCYTES
One hundred millilitres of heparinised blood (20
IU/ml heparin) and 10 ml serum were obtained from
the controls. Phagocytic cells were removed by
adding 0' 2% carbonyl iron to the blood, and
lymphocytes were isolated using Ficoll-Hypaque
gradients. After separation the lymphocytes were
washed three times in Hanks' balanced salt solution
(HBSS) with 2'5%7o fetal calf serum (FCS) and re-
suspended in RPMI 1640 with 2' 5%o FCS to a density
of 4 x 106 cells/ml.

NATURAL KILLER (NK) CYTOTOXICITY ASSAY
The target cells used were those from human myeloid
cell line K-562, clone 6, mycoplasma-free. The cell
line was generously given by S Bisballe, Institute of
Human Genetics, University of Aarhus. K-562 cells
were maintained in RPMI 1640 with 2'5%7o FCS,
penicillin (100 IU/ml), streptomycin (100l g/ml),
and gentamicin (1 j.5Mg/ml) in a humidified 5% CO2
atmosphere at 37°C. Target cells (2 x 106 cells) were
washed once with HBSS and 0'2 ml were labelled
with 0'2 ml (200 1ACi) of 5tChromium (51Cr, Radio-
chemical Centre, Amersham, UK) for 60 minutes at
370C. Labelled target cells were washed three times
in cold HBSS with 2-5% FCS and resuspended in
RPMI 1640 with 2-5%o FCS to a concentration of
1 x 105 cells/ml.
Effector lymphocytes suspended in RPMI 1640

were incubated for 60 minutes at 37°C with 5O0o
heat-inactivated autologous serum or syphilitic
serum and adjusted to I x 106 cells/ml before use in
the assay. In parallel, effector cells incubated with
sera for 60 minutes were washed three times with
HBSS and adjusted to I x 106 cells/ml. Effector
cells were then mixed with 1 x 0I target cells in
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three effector-to-target cell ratios (E:T: 10:1, 25:1,
and 100:1) in a final volume of I * I ml in 11 x 70mm
polystyrene tubes, centrifuged at 150 x g for five
minutes, and incubated for four hours at 37°C in a
humidified 5% CO2 atmosphere. After resuspension
and recentrifugation, 0 55 ml of the supernates were
withdrawn and the release of 5'Cr was determined in
a gammacounter (LKB, Ultrogammacounter). Tests
were performed in triplicate. Spontaneous release
(SR) was determined from target cells without
effector cells and the maximal release (MR) of 5'Cr
was determined from target cells in medium after
hypotonic lysis. SR never exceeded 20% of MR. The
following formula was used to calculate the percent-
age of specific lysis:

cpm Exp-cpm SR x10

cpm MR-cpm SR 100%

where cpm Exp refers to 5'Cr release from admixtures
with effector cells.

Effector titration graphs were drawn for each
experiment with specific lysis as a function of log
E: T ratio. The number of effector cells required to
give 50Gb specific lysis was determined from the titra-
tion curves. The results were expressed as lytic units
referring to 1 0 lytic unit as 5007o lysis with 106
effector cells. The lytic units of untreated control
lymphocytes served as the reference value and the
results from serum additions and incubations were

finally expressed as the percentage of the reference
value.

REMOVAL OF SERUM IMMUNOGLOBULINS
Immunoglobulins were precipitated by mixing and
incubating the serum with ammonium sulphate 25%
(w/v) overnight at room temperature. After ultra-
centrifugation at 4000 x g for 30 minutes the super-
nate was dialysed against HBSS for 24 hours at 4°C,

filtered (0 -22 pore size), and used immediately in
natural killer assays.

IMMUNE COMPLEXES
Soluble immune complexes were prepared in vitro
from human albumin (Behringwerke) and rabbit
anti-albumin-IgG-antibody (Dako) (Ag-Ab).
Optimal precipitation was obtained when 600 1.g of
antigen was mixed with 1 ml of antibody. Solutions
of immune complexes with antibody excess and
antigen excess were made by incubating the mixtures
for 30 minutes at 37°C. The complexes were stored at
- 20°C. Control complexes were suspensions of
antigen in HBSS (Ag).

Insoluble immune complexes were prepared from
ox erythrocytes coated with rabbit anti-ox-IgG-
antibody (EA0gG) as described.8 Control complexes
were ox erythrocytes suspended in HBSS (E).
Lymphocytes (3 x 106 cells/ml) were mixed with

immune complexes, centrifuged at 150 x g for five
minutes, and incubated at various temperatures for
30 minutes. EAIgG complexes were then lysed with
0 831o Tris NH4Cl for 10 minutes. After three
washes with HBSS the lymphocytes were resuspended
in RPMI 1640with 2- 5% FCS to a density of I x 106
cells/ml and the NK assay performed.

Results

Addition of heat-inactivated human autologous
serum or heterologous syphilitic serum to test tubes
increased the NK activity, whereas a 60-minute
incubation period with syphilitic serum resulted in a

pronounced depression of the NK activity (table I).
The suppression was most pronounced using serum
from patients with secondary syphilis. Sera in which

TABLE I Influence of serum on natural killer cell activity agains: K-562

Mean values* (range) in serum samples:

Controls Before treatment After treatment 2-4 weeks after treatment 4-6 weeks after treatment

Primary syphilis (n = I 1)
Experiment It 157 219 227 177 180

(80-218) (96-333) (80-500) (95-294) (80-325)
Experiment 2* 108 65§ 74§ 84 108

(74-128) (13-114) (16-114) (40-132) (16-123)
Secondary and

latent syphilis (n= 13)
Experiment It 252 194 180 160 152

(83-874) (100-416) (95-400) (100-250) (80-350)
Experiment 2* 110 46§ 53§ 64§ 74§

(83-145) (0 5-82) (0 7-103) (2-105) (10-100)

* Mean lytic units expressed as percentage of controls without serum
t5O% serum was added to lymphocyte-target cell mixtures
*5007o serum was preincubated with lymphocytes for 60 minutes at 37°C followed by three washes with HBSS before the lymphocytes were
mixed with labelled target cells
§ P<0-01 (Wilcoxon's test)
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cardiolipin antibodies could not be detected did not
depress the NK cell activity.
The increase in the NK cell activity of lymphocytes

after the addition of serum and the suppressive
factors present in syphilitic sera were associated with
the immunoglobulin fractions of the sera (table II).
The suppression was not a mere allogeneic pheno-
menon, because heterologous control serum from
five subjects caused no suppression of NK cell
activity (data not shown).
The syphilitic sera were examined for lymphocyto-

toxic antibodies. These cytotoxic antibodies (with
and without complement) could not be detected after
incubation of sera at 15°C or 37°C (data not shown).
The depression of the NK cell activity could be

reproduced with both soluble and insoluble antigen-
IgG-antibody complexes (figure).

Discussion

Because the effective component was found within
the immunoglobulin fraction the increase in NK cell
activity after the addition of control and syphilitic

TABLE 11 Influence of immunoglobulin (Ig) on the natural
killer cell activity against K-562

Mean values* (range) in:

Control Serum
serum without Ig

Secondary syphilis (n = 4)
Experiment It 221 97

(179-317) (88-105)
Experiment 2* 109 95

(83-129) (80-105)

* Mean lytic units expressed as percentage of controls without serum
t50%6 serum without Ig was added to lymphocyte-target cell mixtures
*50%o serum without Ig was preincubated with lymphocytes for 60
minutes at 37'C followed by three washes with HBSS before the
lymphocytes were mixed with labelled target cells

100

Temperoture(°C) 37

Ag-AbIgG 4 1

I
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FIGURE Effect of soluble (Ag-Abf46) and insoluble
(EAIg,G) complexes on natural killer cell activity against
K-562.

sera probably reflects an antibody-dependent cell-
mediated cytotoxicity. Another explanation could be
the existence of cytotoxic antibodies towards K-562.
After incubation with syphilitic serum, however,
there was no increase in spontaneous 5'Cr release
from labelled target cells.
The depression of NK cell activity after incubation

for 60 minutes with syphilitic serum was neither due
to allogeneic nor to lymphocytotoxic antibodies.9
Possibly, the depression was related to the action of
immune complexes in the syphilitic sera.'0
NK cells are Fc-IgG receptor-bearing cells,"I which

may be contained within the T-cell population.'2 '3
The NK cell activity can be inhibited in vitro by IgG
immune complexes'3 which may also reduce the
concentration in the blood of Ty cells.'4

This study gives indirect evidence for the role of
immune complexes as immunosuppressive factors for
NK cells. Immune complexes can depress mitogen
reactivity'5 and their formation may explain the
finding of immunosuppressive factors in syphilitic
sera.2 4 6
The biological role of immune complexes in

syphilis may be a direct "shut off" signal to B cells,'6
a blocking of macrophages and their co-operation
with lymphocytes,'7 a stimulation of Ty cells to
release immunosuppressive lymphokines,'8 or a
reduction in NK cell activity or both.7
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